ABSTRACT OBJECTIVES This study sought to characterize direction-dependent and coupling interval-dependent changes in left atrial conduction and electrogram morphology in uniformly classified patients with paroxysmal atrial fibrillation (AF) and normal bipolar voltage mapping.
We hypothesized that direction-and coupling in- Williams et al.
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C o n d u c t i o n r e s p o n s e s .
To assess the impact of coupling interval on electrogram timing, S1S2-A1A2 curves were plotted. These curves were characterized by: 1) an A1A2 equal to S1S2 at long pacing cycle lengths; 2) a minimum achievable A1A2 at short S1S2; and 3) a curved transition period between these regions. A hyperbola with asymptotes at y ¼ c and y ¼ x was fitted to these data. S1S2 block was defined as the shortest S1S2 conducted to the LA recording site. The shortest S1S2 interval that conducted without decrement to the left atrium (S1S2 delay ) was determined as the transition point of the curve (where A1A2 becomes greater than S1S2). S1S2 delay represents the coupling interval at which initial delay of the A2 electrogram occurs ( Figure 1B) . A t r i a l r e f r a c t o r i n e s s . Atrial ERP was measured at 2 sites (HRA and mid-CS) at a single basic cycle length (470 ms). ERP was defined as the longest S1S2 extrastimulus coupling interval that failed to produce local atrial capture.
A c t i v a t i o n
AF VULNERABILITY AND FOLLOW-UP. AF vulnerability was assessed during pacing from HRA and CS.
Sustained AF was defined as AF triggered by the pacing protocol and lasting for more than 30 s (9).
Where AF resolved to an organized tachycardia, 
Atrial Remodeling in Atrial Fibrillation HRA ¼ high right atrium. Figures 1 to 3 .
Atrial Remodeling in Atrial Fibrillation CONDUCTION RESPONSE. A spectrum of conduction curves was seen, ranging from long conduction delay/ block without electrogram prolongation/fractionation to short conduction delay/block with pronounced electrogram fractionation ( Figure 5 ). Conduction block was quantified with S1S2 block . S1S2 block was evenly distributed on the range of 200 to 300 ms for both HRA pacing and CS pacing. Conduction delay was quantified with S1S2 delay . S1S2 delay showed a bimodal distribution with peaks for HRA pacing at 275
AE 11 ms and 326 AE 13 ms and for CS pacing at 271 AE 11 ms and 319 AE 16 ms ( Figure 6 ). Within a single case, measured S1S2 delay was uniform across the left atrium and was independent of activation direction (S1S2 delay during CS pacing vs. S1S2 delay during HRA pacing; R 2 ¼ 0.6674, p < 0.0001). Figure 1 .
Williams et al. Kaplan-Meier survival curves representing time to arrhythmia recurrence for patients with low and high S1S2 delay (defined from the bimodal distributions illustrated in Figure 6 ) are shown in Figure 8 .
Although all arrhythmia recurrences were seen in patients with conduction delay occurring at long extrastimulus coupling intervals (long S1S2 delay ), the difference between the curves was nonsignificant by the log-rank test. Williams et al.
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FIGURE 8 Kaplan-Meier Survival Analysis
Survival curves are shown with patients dichotomized into groups based on the S1S2 delay populations identified in Figure 6 under HRA pacing (A) and CS pacing (B) conditions.
Abbreviations as in Figures 1 and 2 .
Williams et al. Intra-atrial conduction delay, recorded at a single activation rate in the right atrium, has been shown to increase in patients with AF recurrence (20) . In the present study, the parameter S1S2 delay was defined as the shortest S1S2 coupling interval conducting without delay to the atria and identifies the activation rate at which delay of the A2 electrogram becomes measureable. Possible contributors to the timing of S1S2 delay include delay close to the pacing site 
